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 Abstract  
Malaysia is well known as the main waste products procedure in the world. 
Million tons of waste products is being produced every year with no 
commercial return on it such as Eggshell Powder (ESP) and Palm Oil Fuel ash 
(POFA). Nowadays, many researchers are trying to utilizes major waste 
products such as eggshell Powder (ESP) and Palm Oil Fuel Ash (POFA) to 
improve the properties of the concretes. The development and use of 
blended cement is growing rapidly in the construction industry mainly due to 
considerations of cost saving, energy saving, environmental protection and 
conservation of resources. Demand for the high durability and environmental 
friendly nowadays developed POFA and eggshell powder as an alternative 
material to cement in construction field. The use of POFA and eggshell 
powder to replace the portion of the cement has result significant saving in 
the cost of cement production. Thus, this study will show the possibilities of ESP 
and POFA as a cement replacement of the concrete. The main purpose of 
this study is to enhance the mechanical properties of the concrete after the 
various percentage of ESP and POFA were being used as cement 
replacement. 
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1.0 INTRODUCTION 
Concrete is most common man-made material on earth. It is an important 
construction material used extensively in construction works. A material 
similar to concrete was first developed by the Egyptians, consisting of lime 
and gypsum. Typically, lime, chalk or oyster shells continued being used as 
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the cement forming agent until early 1800s. One of the type of concrete that 
is becoming famous nowadays is the lightweight concrete. Its due to its 
physical properties or characteristics make it an obvious choice as material 
of construction. Recent years, in order to minimize environment issues 
caused by ESP and POFA waste as well to minimize the cost of material many 
researchers are trying to utilize major waste products such as Eggshells and 
Palm Oil Fuel Ash (POFA) into construction innovative technology. Several 
researchers attempted to use waste materials to improve the mechanical 
properties of concrete and to reduce waste disposal problems. According 
to previous studies about the strength and mechanical properties of 
concrete using Fly ash (FA) and Rice husk ash (RHA) with Synthesis Eggshell 
powder (ESP) as partial replacement of cement in concrete, it was found 
that strength and permeability properties of concrete enhanced by 30% 
when combined with FA (15%), RHA (15%) with addition of ESP (5%) [1]. The 
reason Eggshell and Palm Oil Fuel Ash is used as a replacement material is 
due to eggshell is rich in calcium carbonate (CaCO3) while high silica oxide 
contents are found in Palm Oil Fuel Ash (POFA) chemical composition, which 
met the pozzolanic properties criteria and it has potential to be used as 
cement replacement or filler to produce strong and durable concrete [2]. 
Other than that, fine grain of eggshell powders can be good accelerator for 
cement bound materials.  
 
2.0 THE PROPERTIES OF CONCRETE 
Properties of concrete can be categorized as fresh properties, hardened 
properties and physical properties. Fresh properties discussed about the 
consistency and stability of concrete. On the other hand, hardened 
properties include compressive strength, splitting tensile strength and flexural 
strength. Meanwhile, physical properties were mentioned about porosity 
and durability strength of concrete [3].  
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2.1 PROPERTIES OF FRESH CONCRETE 
The most important properties of fresh concrete were its workability and flow 
ability, because this determines the ease with which it can be placed. It was 
determined using a slump test, in which a standard truncated metal cone 
formed was filled with a fresh concrete. The mould is then lifted vertically, 
and the resulting loss in height of the concrete cone, or the slump value, is 
indicative of the concrete workability. For very liquid mixes, the flow test s 
performed, which is similar to the slump test, except that the mean diameter 
of the formed by the fresh concrete (or mortar) is measured. Basically, after 
casting the concrete will losses its plasticity and stiffness. Repeatedly 
dropping a calibrated needle into the fresh concrete can reduced the time 
of setting and measuring the time while the needle is no longer sinks in [4].    
 
2.2  PROPERTIES OF HARDENED CONCRETE  
By far, the most important property of hardened concrete was in 
compressive strength, since the strength continues to increase with 
continuing cement curing or hydration. It is because of the concrete age 
after casting. In particular, compressive strength, the strength of normal 
concrete varies between 25 and 40 MPa. High performance concrete term 
was for the strength that above than 50 MPa. If loaded in tension, the 
material fails at a stress much lower than that, typically of the order of 10% of 
the compressive strength [5]. 
 Splitting tensile strength test is one property of hardened concrete to 
determine the tensile resistance of concrete while the flexural test was used 
to determine the ability to resist the bending or deformation of concrete. 
Cylinders specimens with specified size were used for this test. Splitting tensile 
strength of normal weight concrete is higher than and lightweight 
aggregate concrete mixes with sand. In other hand, the ratio of splitting 
tensile concrete cylinder is known in range of 0.77 MPa until 4.92 MPa [6]. 
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2.3  PHYSICAL PROPERTIES 
On the other hand, other prevailing properties concrete were physical 
properties such as durability, thermal and other properties. Durability means 
the ability of a material (or structure) to maintain the various properties 
throughout its design and service life. Some concretes structures were built 
by the romans served for over 2000 years. A material that loses its strength in 
time, for whatever reason, cannot be considered as durable. There were 
numerous causes for loss of durability or deterioration of concretes structures. 
The most common one was an excessive amount of cracking or pore 
structures. Most concretes structures containing numerous cracks. But as 
long as these remain small, the concrete remains basically impermeable to 
salts and other aggressive agents, so that it can continue to protect the 
reinforcing steel against corrosion. 
 Another property that can be found in concrete was thermal 
properties. The heavy weight of concrete was the large sources of thermal 
mass. For this reason, massive concrete walls, roof and floor slabs was 
suitable for storing thermal energy. Because of this heat capacity of the 
concrete, together with the reasonably low thermal conductivity, concrete 
structures can moderate the extreme temperature cycles and increase the 
comforts of occupants. 
 
3.0  EGGSHELL POWDER PROPERTIES 
In the past decade agro recycled waste have been added to concrete in 
an effort to decrease post-consumer wastes and agro waste entering the 
landfills. In basic term, the major element of concrete is cement. As the 
cement price become volatile and demand through the year, the material 
was being used as a cements replacement.  
 According to Malaysia Veterinary Department (DVS), the agro waste 
contributes by of eggshell in 2012 was 9354 million and its estimate to reach 
until 9403 million eggs in year 2013. This type of agro waste disposal gives a 
bad impact to the environments. Eggshell waste can be found from the agro 
industry, bakery shop and restaurants. In Malaysia, this waste (eggshell 
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waste) is usually being thrown out and deposited as landfills. Nowadays, 
despite of government recommends about the agro waste, several 
researches has studied the solutions of this problems by allocating the 
eggshell powder in concrete applications. This researcher had proved the 
eggshell can be incorporated with eggshells and increase the concrete 
strength properties in construction applied. The foamed concrete prepared 
with eggshell proved has reduce the cost and time of project [7]. Figure 1 
shows the Eggshell powder (ESP) structural after sieving process. 
 
  
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Eggshell powder (ESP) structural. 
 
3.1  CHEMICAL PROPERTIES OF EGGSHELL 
The chemical compositions of ESP and limestone were similar with each other 
and the major composition was calcium carbonate with 51 % in concrete 
[8]. Use of eggshell waste may be used to replace cement by adding certain 
admixture which will improve the performance of concrete. Eggshell 
primarily contain calcium, magnesium, carbonate (lime) and protein. 
Eggshell is made up primarily from calcium carbonate, the chemical 
compound which also makes up from majority of sea shells, as contains 
limestone and chalk. Nanoparticles of calcium carbonate are arranged into 
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ordered crystals by proteins; eventually calcite mineral was forming and 
builds the shell. Chemical compositions of the ESP are presented in Table 1 
along with the specifics gravity of the materials [9].  
 
Table 1: Chemical Compositions of the ESP and Specifics Gravity of the Materials. 
 
 Cement Fly ash ESP Limestone Filler 
SiO2 21.8 58.3 0.08 0.58 
Al2O2 6.6 31.7 0.03 0.06 
Fe2O2 4.1 5.9 0.02 0.02 
CaO 60.1 2 52.1 55.85 
MgO 2.1 0.1 0.01 0.06 
Na2O 0.4 0.8 0.15 0.31 
K2O 0.4 0.8 - 0.25 
SO3 2.2 0.2 0.62 0.07 
Others - - 0.62 - 
Specific gravity 3.15 2.06 2.37 2.7 
 
4.0  PALM OIL FUEL ASH (POFA) PROPERTIES. 
Nowadays, various studies have been conducted on different industrial 
waste products in order to determine the effectiveness of their use as a 
partial replacement for cement in concrete. One such industrial product is 
palm oil fuel ash (POFA), which is produced by burning palm oil shell and 
husk as fuel in a palm oil mill boiler in order to produce steam to generate 
electricity for the palm oil extraction process [10]. Malaysia is the world’s 
largest exporter and producer of palm oil that produces about 47% of palm 
oil supply [11]. Due to this, Malaysia also was generating a huge quantity of 
oil palm biomass including oil palm trunks, oil palm fronds, empty fruit 
bunches (EFB), oil palm shells and fibres as residues [12]. Approximately 87.5 
million tons of palm oil fruit bunches being process over four hundred palm 
oil mill in year 2010. Table 2 shows the production of palm oil for the year 2000 
until 2020 in for major world palm oil contributors (Malaysia) [13]. 
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Table 2: Production of Palm Oil for the year 2000 until 2020 in Malaysia. 
 
Year Malaysia World Total 
Annual Production 
2000 10,100 (49.3%) 20,495 
2001 10,700 (48.1%) 22,253 
2002 10,980 (48.4%) 22,682 
2003 11,050 (47.7%) 23,149 
2004 10,900 (45.6%) 23,901 
2005 11,700(45.6%) 25,666 
Five year averages 
1996 - 2000 9022 (50.3%) 17,932 
2001 - 2005 11,066 (47.0%) 23,530 
2006 - 2010 12,700 (43.4%) 29,910 
2011 - 2015 14,100 (40.2%) 35,064 
2016 - 2020 15,400 (37.7%) 40,800 
 
Although POFA is known as hazardous material that is usually sent to the 
landfill without any commercial gain, POFA has been one of the potential 
waste from palm oil industry to have pozzolanic properties which it is highly 
reactive and can be used as a unique cement replacement for building 
construction materials. Incorporation of pozzolans, either naturally occurring 
or artificially made into concrete has been in practice since the early 
civilization [14]. There are several researches used POFA as pozzolan in 
concrete. The data from the result indicate the compressive strengths of 
concrete at 90 days for the concrete containing 10% until 20% replacement 
of POFA showed higher value than concrete made from Portland cement 
[15]. 
 
4.1  CHEMICAL PROPERTIES OF POFA. 
As a pozzolanic material, the major chemical composition silica oxide 
content in POFA can react with calcium hydroxide (CH) from the hydration 
process and produces more calcium silicate hydrate (CSH) which is a gel 
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compound as well to reducing the amount of CH. Besides that, the 
pozzolanic reaction in POFA could lead towards the microstructure 
improvement and then will increases the compressive strength of concrete. 
Researchers have experimented the different levels of cement replacement 
with POFA, and generally it was reported the use of 20% POFA and above 
content is feasible [16]. Table 3 shows the percentages of chemical 
compositions in POFA by several researchers Awal [17]; Ranjbar [18]; Eldagal 
[19]. 
 
Table 3: Percentages of chemical compositions in POFA by several researchers. 
 
Chemical Compositions Awal (%) Ranjbar (%) Eldagal (%) 
Silicon dioxide (SiO2) 43.60 51.55 48.99 
Aluminium oxide (Al2O3) 11.50 4.64 3.78 
Ferric oxide (Fe2O3) 4.70 8.64 4.89 
Calcium oxide (CaO) 8.40 5.91 11.69 
Magnesium Oxide (MgO) 4.80 2.44 1.22 
Sulphur oxide (SO3) 2.80 - - 
Sodium Oxide (Na2O) 0.39 0.07 0.73 
Potassium oxide (K2O) 3.50 5.50 4.01 
Loss of ignition (LOI) 18.00 - 10.51 
 
Based on ASTM C618 (2008) classification, there are three category 
classification of the fly ash. The classification of pozzolanic materials is known 
as class C fly ash, class F fly ash and class N fly ash as shown in Table 4. 
Generally, POFA is classified as class F Fly ash based on the chemical 
composition of type POFA used in a several research study. 
 
Table 4: Classification of pozzolanic materials (ASTM C618, 2008). 
 
Class 
Class C Class F Class N 
Fly ash which have 
cementitious properties and 
pozzolanics properties like a 
fly ash produced by lignite. 
Fly ash produced by 
burning anthracite or 
bituminous coal which 
consists a pozzolanics 
action. 
Natural pozolans such as 
tuffs, volcanic ashes, 
calcined clays and shales. 
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5.0  PREVIOUS STUDY OF ESP AND POFA 
In recent years, special attention has been devoted to agricultural waste 
that are sources of pollution of the environments. The industry produces large 
volumes of solid waste such as Fly ash, Eggshell powder, micro silica which 
can end up in landfills, coastal water and river. Based on that there has been 
an increasing trend of using agricultural waste materials in construction 
application to reduce the environmental pollution. This study will review the 
applicability of ESP and POFA as blended cement. 
 
5.1 PREVIOUS RESEARCH STUDY ON ESP A CEMENT REPLACEMENT. 
In the case of ESP as a cement replacement, another study was carried out 
by researchers to develop concrete production using ESP.  Various 
concentrations of eggshell powder that they were used in the study is utilized 
to replace the cement weight is about 5% until 15%.  The ESP was sieved 
through 90 μm sieve. In this researches work, the performance of ESP in 
concretes was studied to investigate strength properties such as 
compressive strength and splitting tensile strength. Table 5 shows the previous 
research study on ESP as cement replacement. 
 
Table 5: Previous research study on ESP as cement replacement. 
 
Author name Title Conclusion 
Yerramala, 
2014 [20] 
Properties of 
concrete with 
eggshell powder as 
cement 
replacement 
1. Compressive strength was higher than 
control concrete for 5% ESP replacement 
at 7 and 28 days. 
2. Split tensile strength was comparable with 
control concrete up to 10% of ESP 
replacement. 
3. Up to 15% of ESP replacement, split tensile 
strength had lower than control concrete. 
Raji and 
Samuel 
2015 [21] 
Egg shell as a fine 
aggregate in 
concrete for 
sustainable 
construction 
1. Up to 7.5% of eggshell replacement at 7 
and 28 days, the strength was 38 MPa to 
40.9 MPa than control concrete was 42 
MPa to 49.5 MPa. 
2. Strength was decrease at 56 day with 
eggshell and control concrete samples 
having 48.4 MPa and 51.6 MPa. 
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Gowsika et 
al.,2014 [22] 
Experimental 
investigation of Egg 
shell powder as 
partial replacement 
with cement in 
concrete. 
1. Replacement of 5% eggshell powder + 
20% microsilica can be added without 
reduction in compressive strength of 
conventional cement. 
2. Replacement of 5% eggshell powder + 
10% microsilica increasing split tensile 
strength as compared to other 
compositions. 
3. Replacement of 5% eggshell powder + 
10% microsilica in cement yield similar 
flexural strength in conventional concrete. 
 
 
5.2  PREVIOUS RESEARCH STUDY ON POFA AS CEMENT REPLACEMENT. 
Since cement price is volatile and rate of demand is so high, an alternate 
material can be used for replacement of cement. Since several 
replacement experiments and researches were done for coarse and fine 
aggregate. In term of concrete production, there are several researchers 
were doing a research about concrete incorporating with waste material 
such as POFA. Table 6 shows the previous research study on POFA as cement 
replacement. 
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Table 6: Previous research study of POFA as cement replacement. 
 
Author Name Title Conclusion 
Tangchirapat et 
al, 2007 [23] 
Use of waste ash 
from palm oil 
industry in concrete. 
1. Compressive strengths of concrete at 
90 days for the concrete containing 
10% until 20% replacement of the fines 
of POFA in range size of particles from 
7.4 μm–15.9 μm was higher than the 
concrete made from Portland cement 
Type I. 
2. Medium size of POFA with sieve No. 325 
of 19.5%, at the replacement rate of 
20% had the compressive strength of 
90% of the control concrete at 90 days. 
3. Small size of POFA (SP-retained on a 
sieve No. 325 of 1.0%) can be used to 
replace Portland cement Type I up to 
30%. 
Kroehong et al. 
2011 [24] 
Effect of Palm Oil 
Fuel Ash fineness on 
packing effect and 
pozzolanic reaction 
of blended cement 
paste. 
1. Several effect of POFA cement paste 
increases with high fineness. 
2. Percentages of the pozzolanic 
reaction with median particle size 
smaller than cement were 12%–23% at 
the age of 28 days. 
3. POFA with high fineness is good 
pozzolanic material and it can be used 
to replace Portland cement Type I at 
the rate of 30% by weight of binder. 
4. Compressive strengths of the blended 
cement blended cement paste with 
high fineness of POFA had a higher 
compressive strength than that with 
coarse POFA. 
 
 
5.3  APPLICATION ESP AND POFA IN CONCRETE 
The main ingredients in egg shells are calcium carbonate (CaCo3). The outer 
shell itself was found to have a major chemical property about 95% of 
calcium carbonate (CaCo3) while the remaining parts are made up of 
aluminium, phosphorus, magnesium, sodium, potassium, zinc, copper, iron, 
acid and silica acid. Based on Nadu (2014) eggshell will assist in reducing the 
alkali silica and expansion of sulphate [25]. Eggshells also give a good choice 
in construction application because of the excellent durability and a 
washable finish which it can resist mould and mildew on paint film. Using 
eggshells in the concrete also give an excellent benefit and has a great 
potential to meet aesthetic requirements. Application of eggshell is not only 
introduced in concrete but also in other applications such as plaster 
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material, ferrous metal, wood, gypsum wallboard and recently in road 
pavements material. 
 POFA contained high amount of silicon dioxide in amorphous form 
that can react with calcium hydroxide contribute from the hydration process 
to generate more calcium silicate hydrate gel compound [26]. High content 
of siliceous compositions react as pozzolans in order to produce a stronger 
and denser concrete. It also increases concrete properties in term of 
strength, thermal conductivity, and also fire resistance. For the strength of 
concrete, the fineness replacement of POFA in concrete would convey to a 
higher strength development on concrete.  
 Finer particles of POFA also will achieve the higher total surface area 
and will give a higher chance to pozzolanic reaction in concrete. It’s also 
determine the compressive strength, modulus of elasticity, poisons ratio, 
shrinkage and creep of concrete and 30% POFA content of hardened 
concrete are comparable to OPC concrete. Basically, POFA has been used 
not only in normal concrete application but also in special concrete such as 
high strength, high performance and aerated concrete application, several 
researcher describes that the POFA can be used to reach the high strength 
and high performance of concrete [27]. Today, the usage of ESP and POFA 
are taken as a wide substitute for construction materials.  Therefore, many 
researchers were carried out the experimental investigation to study the 
mechanical properties of concrete by substituting this both of material (ESP 
and POFA). Normally, ESP and POFA was used to partially replacing ordinary 
Portland cement in concrete by varying the percentages of applications for 
both materials.  
 Lately, the research studied mainly focussed on the effects of the 
cements replacement by ESP and POFA in concrete based on the 
compressive strength, splitting tensile. [28]. Table 7 and 8 shows the 
compressive strength and spitting tensile stress results by previous researchers 
for concrete contain ESP and POFA as cements replacements. (Hussin et al, 
2011 [29]; Lim, 2012 [30]; Divya et al, 2007 [31]; Yesuf, 2014 [32]; Subhashini et 
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al, 2011 [33]; Aiswarya et al, 2017 [34]; Kumar et al, 2015 [35]; Yerramala, 2014 
[36]). 
 
Table7: Compressive Strength results of POFA and ESP by previous researchers. 
 
Materials 
Percentage of 
materials in 
concrete (%) 
Compressive strength (MPa) 
7 days 28 days 90 days 
POFA 
(Hussin et al, 2011) 
0 5.49 7.70 7.90 
10 4.89 6.10 6.48 
20 3.16 5.84 6.26 
POFA 
(Lim, 2012) 
0 3.49 5.23 6.5 
10 3.48 5.62 7.17 
20 4.29 5.31 7.06 
Eggshell Powder 
(ESP) 
0 14.26 23.06 - 
10 14.98 24.90 - 
(Divya et al, 2007) 20 14.09 24.23 - 
Eggshell Powder 
(ESP) 
(Yesuf, 2014) 
0 14.69 22.50 - 
10 17.98 25.76 - 
20 9.95 16.23 - 
 
Husin et al. (2011) conducted a study on the concrete with partial cement 
replacement using 10% and 20%. The compressive strength result showed 
that with the inclusion of POFA in concrete resulted into loss of strength. The 
loss of compressive strength was observed on all the curing regimes. 
However, Lim (2012) also substituted POFA as cement replacement in 
sample percentage. Based on the study it was found that 20%. POFA had 
the gained in strength compared to the control sample. From the 
experimental studies conducted by Divya et al. (2014) and Yesuf (2014), 
which replaced cement with eggshell powder, it was found that 10% of ESP 
obtained higher compressive strength than control, suggesting that 10% of 
ESP is the optimum for replacement. 
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Table 8: Splitting tensile stress results of POFA and ESP by previous researchers. 
 
Materials 
Percentage of 
materials in concrete 
(%) 
Splitting tensile stress  (MPa) 
7 days 28 days 90 days 
POFA 
(Subhashini et al, 
2011) 
0 4.9 5.7 - 
10 2.12 2.68 - 
20 2.26 2.97 - 
POFA 
(Aiswarya et al, 2017) 
0 2.86 3.11 - 
10 2.81 3.27 - 
20 2.55 3.08 - 
Eggshell Powder (ESP) 
(Kumar et al, 2015) 
0 2.11 3.14 - 
10 1.89 2.56 - 
15 1.65 2.31 - 
Eggshell Powder (ESP) 
(Yerramala, 2014) 
0 0.8 2.4 - 
 
Based upon previous studies (Subhashini et al. 2011 and Aiswarya et al. 2017), 
it can be seen that the POFA inclusion has significant negative impact on 
the tensile strength of concrete. 90% reduction in tensile strength was 
observed when 20% of POFA was used. However, 10% POFA showed slight 
increase in strength compared to the control sample. Similar trend could be 
seen when ESP is used to replace cement. Kumar et al. (2015) reported that 
with the increase in ESP content, the tensile strength also decreased. In 
Yerramala (2014) study, it was observed that 15% ESP showed similar tensile 
strength at 28th as the control sample. 
 
6.0  CONCLUSIONS 
In conclusion, eggshell and POFA are two widely available agricultural waste 
in Malaysia. In order to solve the disposal problem of these waste, both 
material have been studied as cement replacements in concrete mixture. 
By using POFA and ESP as cement replacement, the construction industry 
moves closer to achieving sustainability on construction field. Both material 
has their own properties as a cement replacement in concrete. From the 
data show, the main points of this review are concluded as. 
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1. Up to 5% to 20% of POFA cement replacement increasing the 
 compressive strength of concrete. Up to 20% of POFA cement 
 replacement, the strength of concrete is reducing. 
2. Up to 10% of ESP cement replacement, the compressive strength of 
 concrete is increased. ESP cement replacement greater than 10% will 
 lower the compressive strength of concrete. 
3. Splitting tensile strength of concrete were improved by using up to 
 10% to 20% of POFA cement replacement. However, up to 20% of 
 POFA cement replacement will lower the splitting tensile strength. 
4. By using 5% of ESP cement replacement, the splitting tensile strength 
 of concrete were comparable than control sample. Up to 10% of ESP 
 cement replacement will reducing the splitting tensile strength of 
 concrete than control sample. 
There was good relationship between compressive strength and splitting 
tensile strength by using the irrespective of POFA and ESP as cement 
replacement in concrete. From this review shows the possibilities of ESP and 
POFA as a cement replacement can be used in the concrete. 
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